A skin disease characterized by trauma-induced sloughing of haired skin, hooves, and horns is described in four calves from a herd of Murrah buffaloes (Bubalus bubalis) in Brazil. Affected calves were detected shortly after birth by the presence of lesions affecting the distal extremities, the scapular and gluteal regions, and the tip of the tail. On histologic evaluation of affected skin, the lesions were characterized by suprabasilar vesicles and acantholysis affecting the epidermis and outer root sheath of the hair follicle infundibulum. The basal cell layer was intact and appeared as a single layer of cuboidal cells attached to the dermis. Ultrastructurally, the region between the stratum basale and the lower stratum spinosum had widened intercellular spaces with loss of desmosomal attachments. which led to the suprabasilar separation. The disease appears to be inherited as an autosomal recessive trait.
Mechanobullous diseases are a group of heritable disorders characterized by the formation of blisters secondary to mild friction. Three forms of these diseases have been recognized: 1) epidermolytic epidermolysis bullosa (EB), in which the blister forms in the epidermis as a result of cytolysis of the cells of the basal layer,* 2) junctional EB, in which the blister forms in the lamina lucida of the basement membrane,4.6 and 3 ) dermalytic epidermolysis bullosa in which the blister forms in the superficial d e r r n i~.~-~.~~ The object of this report is to describe a unique heritable mechanobullous disease in buffaloes with suprabasilar separation, acantholysis, and little to no inflammation in the early and fully developed stages of the disease.
Materials and Methods
A complete necropsy and histologic evaluation were performed on four affected buffalo calves (Bubalus bubalis). 2-7 months old, 3 males and 1 female, all with a history of cutaneous erosions developing shortly after birth. Skin with gross lesions and unaffected skin from the neck. scapular region, and abdomen were sampled, as were the gingiva and oral mucocutaneous junctions. Skin samples from the neck, scapular region, and abdomen of two. 2-month-old. unaffected calves from the same herd were used as control tissue. For routine histologic evaluation all tissues were fixed in 10% buffered neutral formalin, embedded in paraffin, sectioned at 5 pm, and stained with hematoxylin and eosin. Sections of skin were also stained with Gomori's one-step tric h r~m e .~ For electron microscopy, small fragments of skin of calf No. 4 and from one control calf were fixed in 2% glutaral-dehyde in 0.1 M cacodylate buffer (pH 7.4). Blocks were postfixed in 1% osmium tetroxide buffered in 0.15 M sodium cacodylate (pH 7.4), and embedded in Epon 812. Semithin sections were stained with methylene blue. Ultrathin sections were stained with lead citrate and uranyl acetate and examined with an EM 10 Zeiss electron microscope at 60 kilovolts.
Breeding records of 228 cows and 4 bulls from the affected herd were collected at the Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA), Pelotas, Rio Grande do Sul, Brazil. Statistics analysis between the number of affected calves and the expected number for an autosomal recessive trait was performed by the chi-squared test.
Results
The disease was diagnosed in one herd of Murrah buffaloes on a farm in the State of Rio Grande do Sul, southern Brazil. The herd was started in 198 1 with one bull (bull 1) and 25 cows from the State of Para. In 1982 another 25 cows were introduced from the State of Parana. Bulls 2, 3 , and 4 were introduced from the State of Sao Paulo in 1985 Paulo in , 1988 Paulo in , and 1988 Due to difficulties in acquiring other bulls, the herd was significantly inbred (Table 1, Fig. 1 ). The first affected calf appeared in 1987, the product of breeding bull 1 with one of his daughters. Another affected calf was born in 1990, and two others in 199 1 from matings of bull 3 with daughters of bull 1 ( Table 1) . Date of birth, date of slaughter, sex, age, and weight of affected calves are presented in Table 2 .
Clinical signs were characterized by sloughing of the epidermis as a consequence of mechanical trauma to grossly normal skin. When the animals were held by hand or roped, or had frictional contact with other buffaloes or rubbed against fences, the epidermis easily peeled off with a resultant pink or red surface (Fig. 2 ). These eroded regions subsequently became covered by a thin crust that healed in 3-4 days without scarring.
Lesions were detected shortly after birth as a consequence of initial handling to ear mark the calves. Lesions were most common in areas prone to trauma or friction, such as the coronary bands, the caudal aspects of the tarsi, anterior aspects of the carpi, scapular and gluteal regions, and the tip of the tail. As animals grew, the affected skin became hairless and thickened, and the entire hair coat became gray instead of the black coat characteristic of Murrah buffaloes. Hooves and horns were frequently deformed, often with partial or complete separation from the underlying corium. Signs of pruritus were not evident. Mucous membranes and mucocutaneous junctions were not involved. Affected animals gained weight less efficiently than healthy buffaloes of similar age (Table 2 ) and usually remained separated from the rest of the herd. The earliest histologic alteration was spongiosis of the suprabasilar epidermis, which progressed to apparent loss of intercellular bridges and acantholysis. The basal cell layer was unaffected and, in fully developed lesions, appeared as a single layer of cuboidal cells ( Fig. 3) with complete detachment of the stratum spinosum from the stratum basale. A similar change was also noted in the outer root sheath of the hair follicle and this had resulted in loss of the hair shafts. The keratinocytes of the lower stratum spinosum had no cytologic alterations in the cytoplasm or nucleus. In early lesions there were dilated, congested blood vessels, and sometimes mild hemorrhages, in the superficial dermis. No inflammation was observed in lesions induced immediately before necropsy. The histologic appearance ofthe skin from chronically affected sites was characterized by acanthosis with rete ridge formation, focally marked keratin plugging of follicular somes, anchoring fibrils, and anchoring filaments were well preserved (Fig. 4, inset) . At the roof of the vesicle, the keratinocytes had widened intercellular spaces but some desmosomes were intact (Fig. 5) . On the cell surface of some prickle cells forming the roof of the bullae, cell membranes were disrupted. Analysis of breeding records of the four bulls with daughters of bull 1 and unrelated cows are presented in Table 1 and Fig. 1 . The results of the chi-squared test between the number of affected calves and the expected number for an autosomic recessive trait, from bulls 1 and 3 , were not significantly different (bull 1: x2 = 2.298, df = 1, P = 0.1295; bull 3: x2 = 0.173, df = 1, P = 0.6575). infundibula and acanthosis of the outer root sheath of the follicular infundibula. In late lesions crusts, erosions, and ulcerations were sometimes observed with secondary, moderately intense perivascular and interstitial infiltrate of neutrophils with leukocyte exocytosis. Calf No. 4 had a gingival ulcer approximately 1 cm in diameter located medial to the right second incisor. Histologically this ulcer was characterized by a proliferation of granulation tissue; evidence of acantholysis was not noted in peripheral intact mucosal tissues. No related lesions were observed in internal organs.
On electron microscopic evaluation, the region between the stratum basale and the stratum spinosum had loss of desmosomal attachments (Figs. 4, 5) . Occasionally some desmosomes had separated from the opposing keratinocyte attachment with tonofilaments still adherent to them (Fig. 5, inset) . The loss of adherence led to the suprabasilar separation noted on histologic evaluation. The basal lamina, hemidesmo-
Discussion
The onset of visible lesions in calves 2 days old suggests that the disease is congenital. Analysis of the breeding records and the fact that bulls 1 and 3 had a common grandsire strongly suggest an autosomal recessive mode of inheritance. Clinically, the disease is characterized by sloughing of the epidermis and hair loss subsequent to mild mechanical trauma. Histological and ultrastuctural alterations indicate that the main lesion is suprabasilar acantholysis of the epidermis and outer root sheath of follicles due to the loss of desmosomal adhesion.
The clinical appearance and mechanobullous nature of these lesions suggest this disease should be characterized as one of the epidermolysis bullosa (EB) diseases; however, this condition differs from the three recognized forms of EB in the location of the vesicular space. The site of separation in the lesions we describe developed in the epidermis, distinguishing the disease in buffaloes from dermolytic and junctional E B . ' X~, l 3 Epidermolytic EB, a condition that has been reported in humans and Simmental calves,2 is characterized by basal cell lysis and intrabasal separation of the epidermis. This feature was not identified in any of the four cases we described.
Although the disease in buffaloes has clinical and histologic similarities to familial acantholysis of Angus calves,s there are some important differences. In the disease of Angus cattle the lesions are characterized by separation of cells within the stratum basale and stratum spinosum and sometimes separation of basal cells from the underlying basement membrane, resulting in suprabasilar to subbasilar blisters. In the buffaloes, the separation was always suprabasilar. Also, intracytoplasmatic inclusion bodies formed by abnormal whorls of tonofilaments described in Angus calves were not seen. Another important difference is that all forms of EB in animals, as well as familial acantholysis of Angus calves, affect the mucocutaneous junctions and oral mucosa. These sites were not involved in the four buffaloes we describe. at the cell surface. Tonofilaments (T) still bound to the attachment plaque (arrow). Bar = 10 nm. Riet-Correa, Barros, Dam&, and Peixoto Vet Pathol 31:4, 1994 Also to be considered as potential analogues of the disease we describe are a number of dermatoses associated with suprabasilar separation and acantholysis, including pemphigus vulgaris,8,1L familial benign pemphigus (Hailey-Hailey disease),loJ2 keratosis follicularis (Darier's disease),8 and variants of transient acantholytic dermatitis (Grover's d i~e a s e ) .~ Because of the suprabasal clefting and acantholysis the lesions of affected buffaloes are very similar to those of pemphigus vulgaris and its rare variant pemphigus vegetans." Unfortunately, immunopathologic studies to detect intercellular deposition of antibodies were not performed in affected buffaloes. Nevertheless, the early onset of the disease, the absence of ulcerative lesions in the oral mucosa and at the mucocutaneous junctions, the lack of a superficial perivascular dermatitis in early lesions, and the genetic etiology allowed the differentiation between this disease and pemphigus vulgaris. On electron microscopic evaluation, the tonofilaments of the damaged desmosomes, in most instances, remained adhered to the attachment plaques and did not undergo retraction to the perinuclear area as in pemphigus vulgariss or familial acantholysis of Angus calves.' Like human pemphigus vulgaris, the cohesion of the basal cells with the dermis is not altered and the basement membrane zone is spared.
The histological appearance of the disease has features in common with those of two acantholytic genodermatoses reported in human beings, familial benign pemphigus (Hailey-Hailey disease) and keratosis follicularis (Darier's disease). In the former. extensive intercellular edema and acantholysis result in the affected epidermis having the characteristic appearance of a "dilapidated brick wall."Io Familial benign pemphigus has been reported in dogs and has the same clinical and histologic features as the human disease.I2 Keratosis follicularis may mimic the histologic features of familial benign pemphigus with suprabasilar clefts with acantholysis but can be differentiated by the presence of grains (keratinocytes with small pyknotic nuclei surrounded by shrunken, eosinophilic cytoplasm in the stratum corneum) and corps ronds (large keratinocytes containing pyknotic nuclei surrounded by a clear halo and basophilic shrunken cytoplasm in the granular cell layer).8 Neither a "dilapidated brick wall" appearance nor the presence of dyskeratolytic cells were observed in the disease of buffaloes. Keratosis follicularis has not been described in domestic animals.
The histological appearance of this dermatosis in buffaloes also resembles transient acantholytic dermatosis (Grover's disease), a human disease of unknown cause that affects males over the age of 40 years. Acantholysis occurs in four main patterns that resemble those of keratosis follicularis, familial benign pemphigus, pemphigus vulgaris, and a spongiotic form of acantholysis. The best histologic evidence of Grover's disease is the presence of several different patterns of acantholysis in the same biopsy and occupying very small circumscribed foci3 This variation in the acantholytic lesions was not observed in the buffaloes' disease.
